Supplementary material
true magnitude of an effect could vary from study to study: that is, there is not a uniquely true effect that is shared by all the included studies as in a fixed-effect model (e.g. the effect might be a little greater if the study used a longer time of preservation, or if the effect were measured more reliably, etc.). The studies included in the metaanalysis are assumed to be a random sample of the relevant distribution of effects, and the combined effect estimates the mean of this distribution (Borenstein et al. 2007 ).
For isotopic ratios, the effect of each of the pre-defined categories ("taxon" meaning fishes and other invertebrates including decapods and "habitat" considering only marine organisms) was considered fixed, with observations (i.e., the δ 15 N or the δ 13 C values)
within each category considered random. The resulting effect sizes for δ 15 N and δ 13 C were used to correct the stable isotope values of '80s period specimens. Meta-analyses were run with the R library meta (Chen and Peace 2013) in R 3.1.1.
Results
Meta-analyses carried out on literature data concerning formalin preservation found no statistically significant effect of preservation on δ 15 N, whereas some effect was significantly great for δ 13 C (Table S1 ). On the other hand, the meta-analysis for the effect of ethanol on the isotopic composition of preserved samples showed a significant effect on δ 15 N (though small) and no significant effect for δ 13 C (Table S1 ). Thus we are confident that the effect magnitude used to correct the '80s period isotopic data (preserved specimens) gives "corrected" values that can be compared with current period data (frozen specimens). Nevertheless, the significant effect found for δ 13 C values using normalized data (i.e. values corrected with the effect level returned by the meta-analysis) should be interpreted with caution, due to the species-specific variations caused by formalin preservation reported in literature (see the above cited references).
The correction factors we used for the '80s period isotopic data were applied with the effect levels resulting from the separate meta-analyses carried out on fish and invertebrates The factors selected were the most conservative among those derived (including both freshwater and marine species, see Table S1 ).
Discussion
Preservation techniques differ depending on the original intent of tissue archival, and generally encompass immersion in formalin and/or ethanol, as well as freezing.
Correctly predicting effects of solvents on chemical tracers would allow for the use of archived samples in long-term studies of trophic ecology of marine and aquatic species.
The results of our meta-analysis showed a significant effect of formalin preservation on δ 13 C, indicating 13 C-depletion in preserved specimens with respect to controls, while The effect levels provided by meta-analyses were used to correct both δ 13 C and δ 15 N values. However, considering the results of meta-analyses, and that several authors (Mullin et al. 1984; Sarakinos et al. 2002; Feuchtmayr and Grey 2003; Fanelli et al. 2010; Syväranta et al. 2008 Syväranta et al. , 2012 de Lecea et al. 2011; Rennie et al. 2012 , Correa 2012 suggested species-specific effects of formalin-preservation on δ 13 C, we interpret results on δ 13 C changes observed in benthopelagic fishes with caution, mainly focusing on the difference for this group in δ 15 N between the two periods.
Consistent with our meta-analysis results and also with previous findings (see Table S1 . Results of meta-analysis carried out on literature data and considering the effect of formalin (a) and ethanol preservation (b) on the δ 15 N and δ 13 C values of fishes and aquatic invertebrates (including both freshwater and marine taxa). τ 2 is the estimated amount of total heterogeneity; τ is the square root of estimated τ 2 ; H 2 is the ratio between total heterogeneity and total variability; I 2 is the ratio between total variability and sampling variability; N is the number of studies combined. Values in bold are the effect sizes (ES) used as correction factor for δ 15 N and δ 13 C values of '80s period specimens. a)
